09) 



3 



EuropSisches Patenlamt 
European Patent Office 
Off ice europ^en des brevets 




(12) 



(43) Date of publication: 

15.05.1996 Bulletin 1996/20 

<21) Application number: 95202928^ 
(22) Date of filing: 30.1 0.1 995 

(84) Designated Contracting States: 

DE FR GB IT 
(30) Priority; 1 0.1 1-1994 US 338051 

(71) Applicant: EASTMAN KODAK COMPANY 
K } Rochester, New York 14650-2201 (US) 

(72) Inventors: 

. Lee, Yongchun, 

c/o Eastman Kodak Co. 

Rochester, New York 14650-2201 (US) 



( ii) EP 0 712 094 A2 

EUROPEAN PATENT APPLICATION 

(51) ima 6 :G06T5/00 



Baslle, Joseph ML, 
c/o Eastman Kodak Co. 
Rochester, New York 14650-2201 (US) 

. Rudak, Peter, 
c/o Eastman Kodak Co. 
Rochester, New York 14650-2201 (US) 

(74) Representative: Blickle, K. Werner, Dipl.-lng. et al 
KODAK AKTIENGESELLSCHAFT 
Patentabteilung 
D-70323 Stuttgart (DE) 



A multi-windowing technique lor threshhoiding an image using local image properties 



(54) 

<57i Atechnique. specificaly apparatus and an 
accompanying me,hod ' ** Bccurately. threshold** an 
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uses mufti-windowing tor providing enr^r^mmunrty 
to image noise and lessened boundary art-tacts. Specrf- 
callv a localized intensity gradient. G(ij). 6 determined 
fa a pre-defined window (300) centered about each 
•maoe oixetfij). Localized minimum and maximum pixel 
ESS rneasures. L^and U. respectively ; areateo 
determined for another, though larger, window (330)cen- 
iZ about Pixe.(ij). Also, a localized area gradiert 
measure. GS(ij). is determined as a sum* mdrv^a 
intensity gradients tor a matrix of pixel positions (370) 
centered about pixelposition (i j). Each image p,xel(.j) is 
then classified as being an object pixel. i.e.. black, or a 
background pixel, i.e.. while, based upon its area grad- 
ent6S(i j). and associated U*, and L^, measures. 
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Description 

TECHNICAL FjELB OF THE !b!VENI!QN 

The invention relates to a technique, specifically apparatus and an accompanying method, for accurately thresh- 
olding an image based on local image properties, specifically luminance variations, and particularly one that uses multi- 
windowing for providing enhanced immunity to image noise and lessened boundary artifacts. 

BACKGROUND ART 

0 

With digital image processing and digital communication becoming increasingly prevalent today, increasing amounts 
ot printed or other textual documents are being scanned tor subsequent computerized processing of one form or another 
and/or digital transmission. This processing may involve, tor example, optical character recognition, tor converting printed 
characters, whether machine printed or handwritten, from scanned bit-mapped form into an appropriate character set. 
5 such as ASC II, the latter being more suitable lor use with word processing and similar computerized document-process- 
ing tasks. 

Scanning a gray-scale document typically yields a multi-bit, typically eight-bit value for each pixel in the scanned 
document. The value represents the luminance, in terms of a 256-level gray scale, of a pixel at a corresponding point 
in the document. These pixels are generated, depending upon the resolution ol the scanner, frequently at resolutions 

o of 200-400 pixels/inch (approximately 80-1 60 pixels/cm), though with highly detailed images at upwards of 1 200 or more 
pixels/inch (approximately 470 pixels/cm). Consequently, a scanned 8 1/2 by 1 1 inch (approximately 22 by 28 cm) image 
will contain a considerable amount of gray-scale data. Inasmuch scanned text generally presents a written or printed 
characters of some sort against a contrasting colored background, typically white or black print against a white or light 
colored background, or vice versa, the exact luminance value at any one pixel in the text is not as important as whether 

5 that pixel is either part of a character or the background. Therefore, scanned textual images, or scanned textual portions 
of larger images containing both text and graphics, can be efficiently represented by single-bit pixels in which each pixel 
in a scanned image is simply set to, e.g.. a "one" rf that pixel in the original image is part of a character or part of 
foreground information, or to, e.g., a "zero" if that pixel in the original image is part of the image background. To easily 
distinguish the different types of scanned images, a gray-level image is defined as one having multi-bit (hence mutti- 

o value) pixels, whereas a binary (or bi-level) image is formed of single-bit pixels. Furthermore, since binary images gen- t 
erate considerably less data for a given textual image, such as, e.g., one-eighth, as much as tor an eight-bit gray-scale 
rendering of the same image, binary images are more efficient over corresponding gray-scale images and thus preferred 
tor storage and communication of textual images. Binary images are also preferred because of their easy compressibility 
using standard compression techniques, e.g., CCITT Groups 3 or 4 .compression standards. 

5 Gray-scale images are converted to binary images through a so-called thresholding process. In essence, each murti- 
brt pixel value in a gray-scale scanned image is compared to a pre-defined threshold value, which may be fixed, variable 
or even adaptively variable, to yield a single corresponding output bit. If the multi-bit pixel value equals or exceeds the 
threshold value tor that particular pixel, the resultant single-bit output pixel is set to a "one"; otherwise rf the threshold is 
greater than the multi-bit pixel, then the resultant single-bit output pixel remains at "zero". In this manner, thresholding 

o extracts those pixels, such as those which form characters, or other desired objects, from the background in a scanned 
gray-scale image, with the pixels that form each character, or object, being one value, typically that tor black, and the 
pixels for the background all being another value, typically that for white. For ease of reference, we will hereinafter 
collectively refer to each character or other desired object in the image as simply an "object". 

Ideally, the best thresholding process is one which accurately selects all the object pixels, but nothing more, in the 

5 scanned image and maps those pixels to a common single-bit value, such as, e.g., "one* for black In practice, noise, 
background shading, lighting non-uniformities in a scanning process and other such phenomena, preclude the use of e 
single fixed threshold for an entire image. In that regard, if the threshold is too low, the resulting image may contain an 
excessive amount of noise in certain, if not all regions; or, if too high, insufficient image detail, again in certain, if not all, 
regions - thereby complicating the subsequent processing of this image. Given this, the art recognizes that a preferred 

o approach would be to select a different threshold value that is appropriate to each and every pixel in the scanned image. 
In doing so, the proper threshold value is determined based upon local properties of the image, i.e., certain image 
characteristics that occur in a localized image region for that pixel. Hence, the threshold would vary across the image, 
possibly even adapt to changing localized image conditions. 

In general, a common methodology tor variable thresholding relies on measuring localized image characteristics, 

5 such as local intensity contrast (or gradient), local averaged intensity and/or local variance, in a local window centered 
about a pixel of interest and then using these measures to classify image pixels into either object pixels, black, or back- 
ground pixels, white. Here, too. reality diverges from the ideal inasmuch this methodology is complicated, and often 
frustrated, by a need to extract various objects in a wide range of documents but with minimal user intervention, such 
as for purposes of initialization and object identification, and while still yielding a clean background in the thresholded 
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im ages. the art has persisted by teachmjr several r^^gS^m that, in practice, tend to tin* their utility. 
Srmance. However, all these approaches s ^ e '^X!LnnSalJed image properties, are taught in M. Kamel et 
^VaTous approaches based 

a... "Extraction ot Binary <J^£*S Here, a logical level' approach is based on compannga 

|m ^^ I ocessiQS. Vol- 55. No. 3. May 1993. page s •2™™'™ ^J. ^ lour loca , averages in neighborhoods 
SKeT^Taliven pixel or its smoothed gray level (d to image ^ ^'^J^ e| the giveo p.^ is s^fScieolly bei™, 
SSaboultourpixe.sor^ 

at totr .oca. averages,then the ^^.^S^S^ * character/graphics image^m most, * 
on considering every p,xel ■ *»™Qe as a sum* a bac*g s lunctioning to remove -particle no«e. The 

the background pixete f • JJSS^Sl cSE^to £ straight .ines passing through each givenpixel ^slopes 
litter is applied to tour P'^^^S^d- Wnary image contains character/graphics pixels wh«h are Mack and 
of 0 n/4 n/2 and 3n/4. The resulting filtered binary '^S? ™ . modHied by detecting additional back- 

^gTound pixels which are ^J^^^^^J^^^SXLJ^ pixel, the gray .eve. 
^otnd pixels using a P'^ 6 '™*^^^ Lastly, a gray-scale character/graph- 

of rts background image is estimated ^om the original scanned image with resulting 

is image ? « obtained by ^f^^^ i-age. Though the global threshold 

differences then being global ^^^Sf ^e4e b^tw^n thfe threshcidlnd a varying background value essent»By 
va.ue itseH is fixed, basing th « £ S ^^^^^ approaches would appear to be sornewhat immune 

imp^ementsa^e^ 

and/or broken ^^^^tt'^tfnt 4 868.670 (issued to R.R.A. Morton et a. on Septerrtoer 
Another approach, as described '"^ er ^^ 
19 1989 and owned by the present assignee h^ , e edback signaL Here, whenever a transition 

value being a sum ot a ^cked ba^rou^ a no se jJjmj-. ^ & ^ ^ ^ rt , y 

occurs in the image, such as an edge, ^feedback signal ™ n y olded pixe , ^ has a reduced noise content, 
nudity the threshold value such that at intensity transrttons due to abrupt changes 

tteTin detecting low contrast objects. j. C . Stotlel et al on August 28. 1984). 

A further approach is described ,n ^^Sl^^d^fMBmii. which is obtained on a pixel-by-pixet 
Here adaptive thresholding k .mplemented Dv ^'^ an J™f 6 ^" * a P ae This offset potential is used in conjunction 

OTacSng «. conuas. **** * • ' h '^f ,^3' spe«ica», appa.atus and an acconpanyins InaWdJ W aceu- 

we h ave substant^y and advantageously overc^e the def ^ 

thresholding technique. inten6ity adienti G (i j). is determined tor each pixelOj) in en .ncom,ng 

Specifically, through our invent-on a locahzed ^^'™ en6 ^ J for windoWi ..lustratively 3-by-3. of prxels centered 

scanned gray-scale bit-mapped ,mage. Th,s gradient te ar€ delecled an N-by-N pixel window 

SSSii i ^ minimum intensrty. ^j^^SS are^rad^ GSOJ) being a sun of individual intensity 
centered over the image about p.xel(. j). In add.t on. a 'oca»«c .a 9 centered about posrhon fij). 

££t is ascertahed ^'^^ pixel. L*. white, primary based 

Each pixelf. j) is then classrf.ed as be.ng an object pixel, ° ™* , values three parameters are 

ite area gradiert. GS(i.j^ arid secondary upon ^ 

^redJeacharx . every f^^^ZT^^ and l« values. Once the gradient 
Shva^ 
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Using these local measures, each image pixel(i j) is f irst classified as being near an edge or not. In that regard, each 
pixel near an edge is so classified rf the local measures therefor, specifically its associated area gradient, exceeds a 
pre-defined threshold value. Otherwise, that pixel is viewed as falling within a locally flat field, i.e., of relatively constant 
gray-scale. Specifically, edge pixels are classified by comparing their intensity values against average intensity values 
for local N-by-N pixel windows therefor; in contrast, pixels in flat fields are classified by comparing their intensity against 
a predetermined intensity value. 

In particular, an image pixel(ij) located in a vicinity of an edge in the image is detected whenever the area gradient, 
GS(i,j). for that pixel is high, particularly being larger than a predefined gradient threshold, GT. Once such a pixel is 
found, each pixel on a darker side of the edge is lound. This latter pixel being in the center of a local N-by-N, e.g., 7-by- 
7 pixel window is classified as an object pixel, i.e., black, whenever Hs intensity, Lc, is smaller than an average of its 
associated and values. Alternatively, if the intensity ol this latter pixel, Lc, exceeds the average intensity value 
of Lm and Lmax* then this P articu,ar P i>el fe classified as being background, i.e., white. 

Where the area gradient. GS(i j), for pixel(ij) is less than the gradient threshold, such as where the N-by-N window 
slides along an image region ot relatively constant gray-scale, pixel(ij) is classified by simple thresholding, i.e., thresh- 
olding its gray-scale value against a constant predefined threshold value, IT. Here, H the gray-scale value of pixel(ij) is 
less than the threshold value IT, this pixel is classified as an object pixel, i.e., black; otherwise, this pixel is designated 
as part of the background, i.e., white. 

To enhance image edges and by doing so further increase thresholding accuracy, the intensity values of those pixels 
near an edge are modified. For the preferred embodiment, black pixels are illustratively represented by a value of zero 
and white pixels by a value of "1 Specifically, tor those pixels located on a darker side of an edge and having an intensity 
value that exceeds the threshold value, IT, the intensity of each of these pixels is reduced to a value slightly below 
threshold IT, e.g., to a value IT-. In contrast, the intensity values for those pixels, located on a brighter side of an edge 
and having an intensity value less than threshold value IT, are increased to an intensity value slightly greater than thresh- 
old value IT, e.g.. to value IT-f. A high quality binary image can then be produced by merely thresholding the resulting 
gray-scale image against pre-defined threshold value IT 

Advantageously, through the use of area (summed intensity) gradients, the present invention significantly reduces 
both background noise and boundary artifact generation while accurately extracting objects in a thresholded image. The 
modified gray-scale image, when subsequently thresholded using a fixed threshold value IT, greatly enhances detection 
of low contrast objects and thus readily produces a high quality binary image. 

RRIEF DESCR IPTION! OF THE DRAWINGS 

The teachings of the present invention may be readily understood by considering the following detailed description 
in conjunction with the accompanying drawings, in which: 

FIG. 1 depicts a high-level block diagram of document imaging system 5 that embodies the teachings of our present 
invention; 

FIG. 2 depicts the correct alignment ot the drawing sheets for FIGs. 2A and 2B; 

FIGs. 2A and 2B collectively depict a high-level flowchart of our inventive multi-windowing thresholding method; 

FIG 3A depicts a 3-by-3 matrix of pixel location definitions which we use in determining, through a "Sober gradient 
operator, gradient strength for current pixelflj); 

FK3. 3B depicts a graphical representation of an N-by-N neighborhood of pixels centered about a current pixel(i j) 
in an image intensity record; 

FIG. 3C depicts a graphical representation of an (N-2)-by-(N-2) neighborhood of pixels centered about pixel position 
(i j) in an image intensity gradient record; 

FIG. 4 graphically depicts intensity profile 400 of an illustrative scan line of an original gray-scale image, such as 
that illustratively on document 10 shown in FIG. 1; 

FIG. 5 graphically depicts a modified intensity profile which results after thresholding intensity profile 400 shown in 
FIG. 4 according to the teachings of our present invention; 

FIG. 6 depicts a block diagram of a preferred embodiment of our present invention; 
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FIG. 7 depicts a block diagram of Sum ol Gradients Circuit 620 which lorms part of circuit 600 shown in FIG. 6; and 

FIG. 8 depicts a block diagram of 7-by-7 Maximum and Minimum Detector 635 which also forms part of circuit 600 
shown in FIG. 6. 

To facilitate understanding, identical reference numerals have been used, where possible, to denote identical ele- 
ments that are common to various tigures. 

MQQES ™ CARRYING Ol IT THE INVENTION 

A«pr readino the tollowing description, those skilled in the art will quickly realize that our invention is applicable tor 
C^TS diurnent imaging system tor accurately thresholding scanned documentary .mages contarnrnghne 

"TS: KKSEE that Jne art contains and the media upon which the image orightatiy appears. For .example. 

1 ^ I a ^u2 be oCns. maps, characters and/or line (skeletal) drawings. Nevertheless tor thepurposeof ^.mplrtying 

tetters and numbers, which we win collectively refer to hereinafter as -objects . . . 

35 T^uSses oti^stration and discussion, we define black and white grayscale pixels ^v^gN^grcy- 
For purposes onuu > consistency, we also define output binary pixels wrth black bang and 

that ^re pixel intensrties. as would be readily apparent to those skilled rn the art. reversed from those 

^G^ictTat'igh-leve. block diagram of document imaging system 5 that embodies the teachings our, present 
J a« Sain svstem 5 is formed of gray-scale scanner 20. digital image processor 30 and "s.mple threshotd.ng 
inventron. As shown, systefl^rso > jnjetest fe &canned ^ scanner 20 to produce mufc- 

circuit 40. n °P^r J^SS oLTife i^ge data. L This data is routed, via leads 25. to a data input of digrtol 

* T^^^^Z^TeLrri Levant here, thresholds the scanned image , data and generates both 
'^H^LTsSe ir^gion leads 37 and an output binary image on leads 33. The modified grayscale .mage, as 
8 n meaS below has its edges enhanced by processor 30 to subsequently increase threshotomg accu- 
dCSC t !^!S?«25 scafe°Lge data^earing on leads 37 is routed to an input of thresholding drcuH 40 whlch- 
,acy. The ^'^ a * L^ixel in themodrfed image data against a pre-delined fixed threshold value thereby 
C °^so^»e?sS" tofeshotoing. The resulting thresholded. i.e. . binary, image produced by circuit 40 rs apphed. 
P,W £21Z t ^ ano^output binary image. DigKal image processor 30 performs thresholds ,n accordance wrth our 
va leads a ^ n °^ nd 7 high da , a throughputs required tor processing bit-mapped .mages, processor 30 rs prefer- 
present ^nbo'vTo ^ ^Siit circuity, including our inventive circuit 600 shown in FIG. 6 and discussed in 
f^^eZ^^^ te implemented through one or more genera, purpose micrc^ccessom. 
^'!2S,'te2 meSy and supporting circurtry and surtably programmed to implement ourjpresent rnventron .n soft- 
ie ^£ « mic,cp^ess.(s) could execute instructions sufficient* fast to produce the requ.sr»e data 

thr °f !St'.evel flowchart of our inventive mufti-windowing threshotoing method 200 is collectively depicted in FIGs. 2A 
and 2B toTrch^^rrect alignment of the drawing sheets tor these f toures is shown ,n FK3. 2. Dunng the course of 
and 2B tor wncni ^„ , be ma6e to FIGs . 3A . 3 c where appropriate. 

d.scuss.^methcd 200 ** e £ e gray-scale pixel in an incoming image, thereby iterating through the 

• oltole Z w^ch each Jy-sca'e image pixel is processed is toentica. across all such pixels, we 
im age. S nee the ^ nne " f * processing generalized pixel<i.j). where i and J are posrtrve .ntegers and 
win merely f^^^^iS^^ the incom' g grayscale image. In addition to gray-scate image data. 
de »,ne p.xe. hcx.zonta. and v^ t ca ^ thre£ho)d8 |T end GT These thresholds are adjusted. 

6 T ^ betot e^heMo provide satisfactory thresholding across a multitude of differing images w,th vary.ng char- 
^ «£ suct as'cc^a a'nd i.lumination. or can be adjusted to provtoe optimum thresholding for any one type of 
acter.st.es. such « com^st 2QQ ^ a|| ^ gray _ 6cale image pixete . 

8 ^^arv « e^g ay scaTellge wil. be generated, with each pixel in the resulting image corresponding 
f to ZZ^X^ougU not shown in FIGs. 2A and 2B. if a modrlied gray-scale image rs to be produced. 

^Clrr^Stotoi in a "sinW fashion using a fixed, pre-defined threshold, hav.ng a value IT. as that value 
!! TiZXSSHZ The modified grayscale image can then be further processed. e.g.. through scahng or fltenng. as 

^'ifnarticular upon starting method 200. step 203 is first performed. This step determines a gradient st'engthMor 
• .r f-SS • fe acWished I by use of the so-called "Sober gradient operator on a wrndow of p,xete centeredabout 
P ! XC ! " IT^Tn F^S 3A. this matrix, shown as matrix 300. is a 3-by-3 window centered about p,xe.(i j). ^olleclrvely 
Z ea i ^equaCs (1H3) below, the Sobel operator relies on computing horizontal and vertical P «el .ntensrty grad.ents. 
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GX(i.j) and GY{i,j), respectively, and for each pixel position (ij) forming the gradient strength, G(i,j) as an absolute sum 
of GX(ij) and GY(i j): 

GX(ij)«L(k1 l H)+^ (1) 
GY(ij)= L(i-1j+1)+2L(^ (2) 
G(ij) = |GXfij)|4|GY(i.D| (3) 

where: G(i j) is the gradient strength at pixel position 
(ij);and 

L(ij) is the image intensity, luminance, at pixel 
position (i,j). 

The resulting gradient strength value for every image pixel collectively forms a gradient strength record for the entire 
scanned image. 

Once the gradient strength, G(i.j), is determined for pxeltfj), method 200 advances to step 206. This step, when 
performed, determines the area gradient for pixel position (i,j), i.e., GS(i.i), as the sum of the gradient strengths for each 
and every pixel position within an (N-2)-by-(N-2) window centered about pixel position (i,j). This window is illustratively 
5-by-5 pixels in size and is shown, as window 370, in FIG. 3C for an N-by-N, illustratively 7-by-7, window shown in FIG. 
3B, the latter being window 330, centered about pixel(ij). For purposes of comparison, the periphery of ah N-by-N 
window is shown as window 350 in FIG. 3C. Though shown sequentially to simplify illustration, step 245 is generally 
performed at essentially the same time, as symbolized by dashed line 244 , as is steps 203 and 206. Step 244 determines 
both minimum and maximum pixel intensity values, and L^,, respectively, in an N-by-N window centered about 

pixeKij). 

Once the area gradient is determined for pixel position (ij), then, through the remainder of method 200, the three 
image measures, GS(i j) and and L^, associated with this particular pixel position are used to classify pixelfi j) 
as an object pixel, i.e., black, or a background pixel. i.e., white 

In particular, decision step 208 is performed to assess whether the value of the area gradient for pixel(i j), i.e., GS(i J). 
exceeds a pre-defined threshold value, GT, or not. This test determines whether pixelfi a) lies in a vicinity of an edge in 
the scanned image, or not. If the area gradient is less than the threshold value, GT, then pixel(i.j) does not lie near an 
edge. Hence, pxel(ij) lies within a localized relatively constant tone. i.e.. Hat" field, region of the scanned giay-suule 
image. In this case, method 200 advances along NO path 21 1 emanating from decision block 208 to decision block 21 5. 
This latter decision block determines whether the gray-scale intensity of pixel(ij), i.e., Lc, exceeds another pre-defined 
threshold value, IT. If this gray-scale value is less than the threshold, the pixel is classified as an object pixel, i.e., here 
black; otherwise, the pixel is classified as a background pixel, i.e., here white. Specifically, on the one hand, if pixel 
intensity, L* is less than or equal to threshold IT, decision block 215 advances method 200, along NO path 217, to 
decisionblock 222. This latter decision block determines whether a user has previously instructed the method to produce 
a binary or gray-scale output pixel. It a binary pixel is desired, then decision block 222 advances the method, via YES 
path 225, to block 228 which, in turn, sets an intensity of output pixel(ij) to black, i.e.. zero. Alternatively, if a gray-scale 
output is desired, then decision block 222 advances method 200, via NO path 224, to block 230. This latter block, when 
perlormed. sets the intensity of output pixel(i.j) to the intensity of Lc, without any modHications made thereta If. on the 
other hand, pixel intensity. Lc. exceeds threshold IT, decision block 215 advances method 200, along YES path 218, to 
decision block 232. This latter decision block determines whether a user has previously instructed the method to produce 
a binary or gray-scale output pixel. If a binary pixel is desired, then decision block 232 advances the method, via YES 
path 235, to block 237 which, in turn, sets an intensity of output pixel(i.j) to white, i.e., one. Alternatively, if a gray-scale 
output is desired, then decision block 232 advances method 200. via NO path 234. to block 241 . This latter block, when 
performed, sets the intensity of output pixel(ij) to the intensity of Lc. without any modifications made thereto. Once step 
228. 237 or 241 is performed, method 200 is completed for pixelfi j); the method is then repeated for the next image 
pixel in succession, and so forth. 

Alternatively, if area gradient. GS(i.j) exceeds the threshold value, GT. then pixel(i,D lies in the vicinity of an edge. 
In this case, step 245 is now performed to ascertain the values of L,^ and L^, if these values have not already been 
determined, as set forth above. Ther eafter. method 200 advances to block 248 which calculates an average pixel intensity 
value, Ley » occurring within the N-by-N pixel window centered about pixel position (i.j). This average intensity value is 
simply determined by averaging the values L^, and L^. 

Once this average value has been ascertained, method 200 advances to decision block 251 which compares the 
intensity of pixel(ij), i.e., U. against its associated average intensity value. L^. When this pixel is situated on a darker 
side of an edge and hence an object pixel, then its associated average intensity value will be greater than or equal to 
its intensity value, L^. In this case, the output binary pixel for pixel position (i.j) will be set to black. Otherwise, if pixel(ij) 
is situated near an edge but its average intensity value. L evg , would be less than its intensity value. Lc then this pixel is 
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increase thresholding accuracy. _ associated average intensity value. 

In particular. H gray-scale pixel NoTa h 254. todecision block260. This latter decision block 

L then decision block 251 advances method 200. along NO patn o — output pixel. If a 

whether a user "J^^EES^ pX£fo olock 268*** in turn, 

binary Pixel is desired, then deas ^ 

sets an intensity ol output p.xel(.j) to black, ue zero. However nag y penormed. determines whether 

advances method ^^^^^^^ w»eV>r«^S ^*^^wart^lw«s^i^Si^ ^^a^j^^. nr^^"V^^^"^^"^^V oTpbteK'ij) fe less than or equal to * h ' es **^ 
pixel intensity. U. exceeds the pre ™^ t ™^™~ a " 5 Wnichi when executed, sets the gray-scale output tor 
?T. then method 200 advances, along NO P*h 272-to block 275 ^ o, threshold IT, then method 

2^^ se,s » e 9ray - sca,e otrtput tor pwe,0J) to a 

valued is sightly less. La, IT-. ^J**^/^ . associated average intensity value. L^. thendeciston block 
Alternatively/" ^TSSSS. This latter decision btoc&etermines whether 
251 advances method ^M.atong YES path grayscale output pixel. If a binary pixel is desired, 

a user has previously instructed J^^^i^K iSS to Mock 285 which, in turn, sets an intensity of output 
then decision block 280 advances the method. *a path 282. o block 280 advances method 200. 

pixe.<ij) to white, i.e one However - ^^^^^^r^ whether pixel intensity. L£ le~ 
via NO path 284. to dec.s.on ^J90. Tte tattwww ^ , ^hold IT. then method 200 

than pre-defined threshold value IT H the intensity of P'**K'J) «c eedso eq ^ to ^ 

aTa^es. along NO path 292. to ^J^^^^S^J^ method 200 advances, along YES path 
intensity value Le- Now. « ^-rtensrty^ p.xelM I • JJ^oSSte! pi e.(i j) to a value that is slight* larger, i.e, IT*. 
* 294. to block 297. which, when "ecot^sete the gray**f e outo* p I* threshold IT is not critical 

^ « - been pertormed tor p«eKU): ^ 200 Is 

menTepeated for the ^^rSlon^^ depicts intensity profile 400 of an illuslrafrve scan 

With this understating inrranoV consrierF Kj^JJJJO ^documenl 10 shown in FIG. 1. As a result of process,ng 
30 line of an original gray-scale «*■ ^^nX °of»e 500. shown in FIG. 5. results. As is readily apparent 

profile 400 through c^er*ve J^^^KE-l of the image pixels located near an edge are n^Hi«± 
trom comparing profiles 400 andW0.on V™*** . ^ ^ and while its intensity is larger than threshold 
,n this regard, when such a p,xel BtoMdn a d"*" <£• « ™. ^ tnan th.eshold IT. Alternatively, when an image 
value IT. the intensity of th.sp.xel » d »« sed £ B j; "^TnterSv is less than threshold IT ; the intensHy of this pixel is 

^h^c?s':s e d?~ 

As shown, circuit 600 is formed of hne delays 61 °- =P^™ y "" e ° ^ 655; 7 ^ y . 7 Max and Min detector 635; 

gradient detector 615; ^.^^^^^S^^^^^ — «* 6? ° ^ 

averaging circuit 640; mult.plexors 680 and 6^ ana oajing c. * B ^ discusse d in detail above. 

675. Circuit 600 collectively imp. •^^^ £j via leads 605 and 608. to an input of 

In operation. eight-bH .nput gray-scale mag ^« e ' s( 'f *? ^ De toy« 610. specifically series-connected single 
,i„e deteys 610 and to an input of 7-by-7 Max and ^££^^Z* data centered aroundimage pixel(i.j). 
line delay elements 610,. 610 2 and 610,. prov.de a Kne ol the window. The outputs of all three 

Each delay element is tapped at three ^^^^£^^616 ^. through calculation of the Sobe. 
delay elements are routed to respective .npufc ol gradient detect^n *™ } on out ^ teads 617 . ^ 

operator, as described above, piovdes an ^wNch 1 torn, sums all the gradient intensity values 

gTadienl value is applied to an input to 'T^f^^SS^^Li sum. as an area gradient value, i.e.. 
?n a 5-by-5 window centered about fixe ^^^^^J^^ in detail below. This area gradient value 
G8M. on 12-bit outp^ads S value against predefined gradient thresho«. GT; 
is applied to an input ( A ) * wnpaMrt or K & wn« ^ ^ , esu)ting comparison output, appearing on 

the latter being applied to another JJ^^J^^^Kn edge or not. The comparison output is applied as an 

,ead * 8 - ™- as discussed in detan the appropria,e 

one of the pre-defined values I* or IT + . 
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Max and Min detector 635, depicted in FIG. 8 and discussed in detail below, ascertains the maximum and minimum 
pixel intensity values, i.e., L max and L^, of those pixels contained within a 7-by-7 window centered about pixelflj). 
Resulting L^* and L m j n values, appearing on leads 637 and 639, are then averaged by averaging circuit 640. This circuit 
contains summer 642, which merely adds these two values together into a resultant sum, and 12 and delay circuit 646 
which implements a divide by two operation by shifting the sum one-bit to the right; hence dropping the least significant 
bit. The resultant averaged intensity value is then appropriately delayed within circuit 646 tor purposes of achieving 
proper synchronization within circuit 600. 

If the area gradient value. 6S(i j). exceeds the pre-defined gradient threshold, GT, then the averaged intensity value, 
L , used as a threshold level in determining the value of output center pixel(i j); else, if the area gradient value is less 
than or equal to the gradient threshold, then value IT is used as the threshold level in determining the value of output 
center pixel(i j). In this regard, the averaged intensity value. L evg , is applied to one input of comparator 660. The current 
center pixel value, Lc, is applied through delay element 630 to another input of comparator 650 as well as to one input 
of comparator 655. The delay of element 630 is set to assure that the proper corresponding values of and L^g are 
synchronously applied to collectively comparators 650 and 655, multiplexors 680 and 690, and gating circuit 660. The 
fixed threshold value, IT, is applied to another input of comparator 655. Comparator 650 produces a low or high or low 
level output on lead 653 if pixel intensity value is less than, or equal to or greater than, respectively, its associated 
averaged intensity value, Le V g- ™ 8 output level is applied to both one input ("I") of multiplexor 680 and one input of 
AND gate 662. Multiplexor 680 selects the output binary pixel as between two bits generated from using two different 
thresholds, i.e., value IT or L ovg . In that regard, comparator 655 produces a high output level at its A>B output whenever 
the predefined threshold value IT is greater than pixel intensity value Lp. The level at output A>B is routed, via leads 
657, to another input CO") of multiplexor 680 and to one input of AND gate 670. Multiplexor 680 produces the output 
binary value for pixel(ij). To do so, the comparison output level produced by comparator 625, indicative of whether the 
area gradient, GS(i,j). exceeds the gradient threshold, GT, is applied as a select signal, via lead 628, to a select fS") 
input of multiplexor 680. If this select signal is high, thereby indicating that the area gradient exceeds the gradient thresh* 
old, then multiplexor 680 routes the level applied to hs "1" input, i.e., that generated by comparator 650. to binary output 
lead 33; else, the multiplexor routes the level then appearing at its "O" input to lead 33. 

Multiplexor 690 routes the center pixel value. L^ora pre-defined value IT+ or IT- as the output gray-scale value to 
eight-bit output leads 37. Pre-defined values IT+ and IT- along with center pixel value Lc are applied to different corre- 
sponding eight-bit inputs to multiplexor 690. The output of this multiplexor is determined by the state of two select signals, 
SO and SI: if these signals assume the binary values 2ero, "1" or "3*. then the multiplexor will route center pixel value 
Lc, value FT+ or value IT-, respectively, to output leads 37. Gating circuit 660, in response to the comparison output 
sionals produced by comparators 625. 650 and 655 generates, by simple combinatorial logic, the two select signals, SO 
and Si, applied to multiplexor 690. Specifically, if the area gradient is not larger than the gradient threshold, then, as 
discussed above, gray-scale pxel value L^. without any modification, will be applied through multiplexor 690, to output 
leads 37. Alternatively, if the area gradient exceeds the gradient threshold, then multiplexor 690 will apply ether value 
IT+ or IT- as a modified gray-scale output value to lead 37 based upon whether center pixel intensity value Lc is less 
than its corresponding average pixel intensity value, L avg , or not. Since the operation of gating circuit 660 is serf-evident 
from the above description to anyone skilled in the art, it will not be discussed in any further detail. Values IT- and IT+ 
are merely held in appropriate registers (not shown) and from there applied to corresponding inputs of multiplexor 690. 

FIG. 7 depicts a block diagram of Sum of Gradients Circuit 620 which forms part of circuit 600 shown in FIG. 6. 
Circuit 620. as shown in FIG. 7, is formed of adder 710 and line delays 720. the latter containing four series-connected 
single-line delay elements 720o, 720^ 720 2 and 72O3. Incoming gradient intensity values are applied, over lead 617 
from gradient detection circuit 615 (shown in FIG. 6), to one input of adder 710, shown in FIG. 7. In addition, the output 
of each of the four line delays 720 is routed over a different one of four feedback leads 715 to a different corresponding 
input of this adder. As a result adder 710 forms partial sums of 1-by-5 gradient values which are applied, as input, to 
delay element 720o- To generate a 5-by-5 sum of the intensity gradients, hence producing an area gradient measure, 
four preceding conesponding 1 -by-6 sums are added together within adder 71 0 to a present 1-by-5 sum, with the result- 
ant overall 5-by-5 sum being applied to output lead 622. Use of these delay elements connected in this fashion substan- 
tially reduces the amount of logic that would otherwise be needed to generate twenty-five intermediate sums. 

FIG. 8 depicts a block diagram of 7-by-7 Maximum and Minimum Detector 635 which also forms part of circuit 600 
shown in FIG. 6. As noted above, detector 635 determines the maximum and minimum pixel intensity values. L^, and 
L^in, respectively, within a 7-by-7 window centered about pixel posit ion(i,j). This detector is formed of two separate 
circuits: maximum detecting circuit 805 and minimum detecting circuit 840 which extract a pixel value having a maximum 
and minimum intensity value, respectively of all the pixels contained within the 7-by-7 window centered around pixel(i j) 
and respectively apply those two values to leads 637 and 639. Circuit 805 contains maximum detector 810 and line 
delays 820. the latter being formed of six series-connected single-line delay elements 820o. 820i, 820 2 , 82O3, 820 4 and 
82O5. Similarly, circuit 840 contains minimum detector 850 and line delays 860, the latter being formed of six series- 
connected single-line delay elements 860o, 860 1t 860 2> 86O3, 860 4 and 86O5. Inasmuch as circuits 805 and 840 function 
is an identical manner with the exception that detector 81 0 locates maximum values while detector 850 locates a minimum 
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values, both from the sam ese e j J functions from this drscussron. 

those skilled in the art w.l then readily appreoat * how c, ^ ^ ^ 

output of each of the s.x ^ extracts ^ maximu m pixel intensity value from a 1 -by-7 senes of pixel 

detector. Consequently, maxinxim ^J^^^^^ ,„ conjunction with six preceding corre- 
values and applies ^^^^^^^^^ 810 locates the maximum pixe. intensity 
spending maximum pixel values stoned ^ Mne pe , t0 , eads 637. Here, the use of 

M one o.n now aw-eo-te. £e_ lm , ^pixels «sled io tne vecinit, 

of edges in an image. A reiaweiy iow o.« 1 iai"liekJs In that regard, a low IT value tends to classify 

classify pixels located in image ' e 9™ 8 *^ 

purposes performs s.mrtar to £ causing our invention to classify pixels by essentially solely com- 

0 ^ h .o3^^r."- ~ o^e *_*n m» 0. e«* by those skated in 



the art 



- |MBU SIB!£1 APPLeCAPI IITr-ANPAnVANTAQES 

Tne preser* invent . useful in in. 9 e ^^^^^^^^ 

eliminating boundary artHactsfrom a thresholded image. 



Claims 
1. 



method comprises the steps of: . . m ^ irnagef an area gradient value tor a first 

contained within sakJ second wwxiow and maximum and minimum pixel values, a current one of 

position in the first output image. 

The method of claim 1 wherein the area gradient ^^^^^S^ and centered about 
measuring, in response to a third r^^^^TSa^^ tor the cunent pixel position such 

de,in 1ormfn B the first window ol intensity gradient values from the plurality of intensity gradient values and. in 
response to said first window, determining said area grad.ent value. 
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4 The method in claim 3 wherein said thresholding step comprises the steps of: 

comparing the area gradient value. GS(i j), to a pre-def ined gradient threshold value, GT, so as to produce 
a comparison signal indicative of whether a current one input pixel located at the current pixel position (ij) in the 
input image lies in a vicinity of an edge in said input image; 

H the comparison signal indicates that said current one input pixel does not he in the vicinity ol the edge, 
thresholding, in response to said comparison signal, said input pixel value at position (i j) in the input image against 
a pre-def ined f ixed gray-scale threshold value. IT, to yield a corresponding binary output value at pixel position (i j) 
.in the first output image; and _ 

H the comparison signal indicates that said one current input pixel does lie within the vicinity of an edge, 
setting in response to said comparison signal, said corresponding binary output value to a first or second state If 
the current one pixel value either exceeds or is less than an average of the maximum and minimum pixel values, 
respectively. 

5 The method in claims 3 or 4 wherein said intensity gradient measuring step comprises the step of producing the 
intensity gradient value for the current pixel position by processing said third window of input pixel values through 
a Sobel operator. 

6. The method in claim 5 wherein the third window is a 3-by-3 window of input pixel values and the Sobel operator 
implements the following equations: 

GX(ij) - Ukl J-1) + 2L(i4l j) + Lf>1 j+1) - MM j-1) - 2L(i-1,j) • L{i-1 j+1); 

GY(ij) » L(i-1 j+1) + 2L(ij+1) + Lf>1 j+1) - L(l-1 j-1) - 2L(ij-1) - L(i+1 j-1); 

and 

G(ij)-|GX(ij)|+|GY(i.D| 

where: L(i j) is an input pixel value, in luminance, for 
the pixel position (i j) in the input image. 

7 The method in claim 4 further comprising the steps of: 

producing, in response to said comparison signal and the pixel value (Lc) at the current pixel position (i j). a 
modified gray-scale output pixel value at position (i j) in a second output image, wherein, H the comparison signal 
indicates that the one current input pixel does not lie in the vicinity of the edge in said input image, the modified 
gray-scale output pixel value is set equal to the pixel value Lc, or if the comparison signal indicates that the current 
one input pixel does lie in the vicinity of the edge, the modified gray-scale output pixel value is set equal to a pre- 
defined value greater than or less than the threshold value IT when the pixel value Lc is greater or less than, respec- 
tively, the threshold value fT; and 

thresholding the modified gray-scale output pixel value, against the threshold value IT. to yield a conesponding 
second binary output pixel value at a pixel position (ij) within a second output image. 

8 Apparatus for thresholding an input gray-scale image into a first output image, wherein said input image is formed 
of input pixels each having a multi-bit gray-scale pixel value associated therewith, and wherein said f irst output image 
is formed of pixels each having a corresponding output pixel value associated therewith, characterized in that the 
apparatus utilizes the steps recited in any of claims 1-7. 
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